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ABSTRACT 


In this work, a photodiode for the visible spectral range, which will be integrated monolithically with CMOS circuits, is 
presented. Such Optoelectronic Integrated Circuit (OEIC) with high sensitivity in the 400-900 nm spectral range is 
utilized to realize electronic processing from the light beam position that hit a specific area of the photodetector. The 
output signals with voltages of OV and 3 V can be implemented with a controller circuit. By the Using of He-Ne Laser 
at 633 nm as incident light, the responsivity of the Position Sense Photodetector (PSPD) was 0.35 A/W and the rise and 
fall time of less than 30 ns were achieved. These parameters were necessaries to achieve the photodiode integration in an 
industrial 0.5 um CMOS process, only additional mask was needed in order to block out the threshold voltage 
implantation in the photo-active region. Therefore both designs of photodiode and the electronic processing circuit 
separately, are shown here, all design will be integrated monolithically in the same Silicon chip. 


Keywords: Optoelectronic Integrated Circuit, CMOS technology, Quadrant Detector, Silicon bulk 


1. INTRODUCTION 


The optical scientists trust the devices position detectors to align lasers, light sources, and mirrors with fractions of 
microns. This technology is incorporated to precise and ultra-fast auto-focus schemes for a variety of optical systems. 
For industrial measurements, like tools for alignment of machines and vibration analysis, these detectors are also used. 
Instead of quantifying the brightness of a light source, as it happens with the intensity detectors, the measurements with 
this type of photodetectors refer to the tracking of their position in the space. Like so, this category generally is referred 
like sense of optical position, and includes measurements of: angle, straightness location, height, uniformity of surface, 
distance, movement and vibration. 

Detection range basically is the visible one. The position sense Photodetector (PSPD) like the quadrant detector (QD), 
turns the light in photocurrent and the amount of photocurrent depends on the position of the light spot. It is not possible 
to measure position through this parameter by itself, so it is necessary to use a conditioning circuit for this purpose- 

The most important aim is to implement quadrant detector with higher incremental sensitivity, so that the illumination 
power (power consumption) or the receiver aperture size (sensor size) could be reduced, or the measurement field of the 
sensor increased without losing precision. Standard low-power IC technology will be use for the QD implementation. 
PSPD is looking for to implement with AC coupled readout electronic', but these developments are limited to outside 
circuit or in devices integrated with a simple circuit of transformation of current to voltage. 

A few experiments have been reported on manufacturing PSPDs by standard CMOS technologies™’. The circuit 
proposed here, includes all the circuitry for connection and obtaining of position of the beam of light in two dimensions, 
increasing therefore the speed of response and dimensions for smaller power consumption. 


2. MANUFACTURING OF THE QD-PSPD 


The Quadrant detector was implemented using CMOS technology. The principal structure is a pn-photodiode in silicon 
type-n substrate as is shown in figure 1. Advantages of CMOS technology is its availability, low cost compared with 
other IC technologies and the fact that it provides a good means for implementing low-power front end circuitry. The 
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structure of the photodiode has been tested by separated and their characteristic is used for the design of the peripheral 
circuitry. The results of optical characterization of each detector are shown in figure 2. 
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Fig. 1. Cross section of the quadrant detector on silicon technology. 


By means of an optical scan between 400 nm to 900 nm, the responsivity of the device was obtained and it is illustrated 


in Figure 2. The photovoltaic mode was used to characterize the optical response of the phodetector. Four photodiodes 
were characterizated. 
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Fig. 2. Spectral responsivity. 


Measurement of the on-off times for the QD photodiode was performed. An optical signal was applied on a single 
photodiode of the QD at a time, from 500 KHz up to a 1 MHz, using a modulated laser model UTS-3.5G-635 by means 
of TTL levels. The resulting photocurrent from the QD photodiodes was amplified with a high frequency 
transimpedance amplifier. On and off times were arbitrarily chosen at 50% of signal level. Switch-on time was 0.1 8s 
and switch-off time was 0.298us as indicated in Figure 3. 
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Fig. 3. Quadrant detector On-Off times. 


3. AC-COUPLED READOUT ELECTRONIC 


Opamp based current amplifiers are used to transform the photocurrent of each segment, into a voltage proportional to 
the intensity of light falling on each photodiode. Such voltage provides information of the spot size and position by 
comparison of each produced voltage. It is assumed that only two orthogonal coordinates are needed for position 
measurements using this device. Such coordinates are X and Y and the two mathematical equations for computation of 
the position of the spot are therefore. Configuration of optical receiving QD area is shown in figure 4. 
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Fig. 4 Configuration of optical receiving area, QD. 


oan) Urls) 


a 1 
position V, £ V, 4 Vz a Vp) ( ) 


and 
g _ aa m A. 
position V, mi Vy F Vo Ñ Vp) $ 


(2) 


Here, the center of the four photodiodes is assumed as the origin of both coordinates. V4, Vg, Vc and Vp are the voltages 
of each current-to-voltage amplifier. 

A simple configuration of the signal readout circuit was implemented using operational amplifiers as shown in figure 5. 
We used an operational amplifier that had a small input bias current in order to amplify a signal current of less than 
100pA. A position detector of four quadrants was made up of four p-n junction diodes on the same substrate, preparing 
the output to connect to amplifier circuits on CMOS technology. 
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Fig. 5. Signal readout electrical circuit of the quadrant detector. 


Our main objective is twofold. First, we aim to probe that the four quadrant detector and the readout circuit can be 
fabricated in a compatible CMOS process. Second, a process is proposed to fabricate the quadrant detector diodes 
readout circuit, it is in order to demonstrate the compatibility with this technology. 


4. FABRICATION PROCESS 


The required fabrication process is AMIS 0.5um (AMI_C5F/N) mixed-signal process from The MOSIS Service* with 3 
metal layers, 2 poly layers and a high resistance layer. In our design, we use high valued resistors in order to implement 
the Transimpedance amplifier, and for the compensation of the Operational Amplifiers. In the same way, 2 poly layers 
are required in order to obtain the capacitors for all the circuits, specially, for the analog to digital converter. The chip 
area is 1.5mm x 1.5mm (2.25 mm’) including the pad frame. 

The simulation of all basic building blocks was made using the Tanner Tools software Package. At the schematic level 
we used S-edit and T-Spice version 12.6 software tools’ for the simulation at transistor level using the SPICE model 
parameters, provided by MOSIS Company for the AMIS CMOS 0.5um technology. The waveforms are displayed using 
W-Edit. For layout and verification purposes, we used L-Edit and LVS ver. 12.6. Good layout techniques should be 
used in order to minimize the mismatch in the proposed circuits which produce offset in the output stages. 


4.1 Test and Characterization proposal 


The CI fabrication will be realized with The MOSIS Service. The final stage will be testing and the characterization of 
the fabricated chip. In this stage of the project, only the main building blocks for the four-quadrant detector will be 
fabricated and characterized. The design is based on an OPAMP’, for this reason this circuit will be completely 
characterized in the frequency and time domain. 


4.2 SPICE Simulation 


Standard CMOS technology was used here to implement the QD. CMOS is the dominant technology for VLSI 
implementations and thus well established, easily accessible and also of relatively low cost. In general, it also provides 
the best means for implementing signal processing circuits with low power consumption. The main disadvantage 
regarding QD realizations is that CMOS processes are not designed for photodetector production and that photodetectors 
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are not characterized in any of the processes. The compatibility of CMOS technology for these QD implementations is 
discussed below. 


5. DESIGN LINE 


Design line of the QD is a test made to the complete design, where three “lines” similar to this one are used. The first 
stage of the design is the generation of the bias voltages as shown in Figure 6. The supply voltages were defined 
Vdd=2.5V and Vss=-2.5V. 


Fig. 6. Power supply. 


The second stage consists of a current to voltage converter. The implementation of this one is made with one OPAMP, 
and a feedback resistance of 100KQ as shown in figure 7. The photodiode current is connected to the inverting pin. 


Freq = lMegHz 
‘dup = OTOA 
Offset = ZuA 


Fig 7. Schematic for the OPAMP 


For the adder we used the same OPAMP in a voltage adder configurationas shown in figure 8. Next block is a Voltage to 
Frequency converter (VFC) and a buffer. The VFC helps to reduce errors due to offset currents. The buffer was 
calculated to drive a 20pF of load capacitance. Figure 8 shows one line of the readout circuitry. The complete detector 
uses 4 of these lines. 
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Fig. 8. Complete diagram. 


6. RESULTS 


The complete 1-line QD is shown in figure 9. This output is a frequency proportional to a DC input current photodiode 
signal. In order to normalize the value of this signal, also, the sum of Va+Vgt+VctVp is converted to a frequency and is 
available as another output. Figure 10 the layout of the complete circuitry and is ready for fabrication. 
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Fig 9. Transient plot. 
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Fig. 10. Layout of the complete readout circuitry. 


7. CONCLUSIONS 


A Position Sense Photodetector can’t operate effectively with the detector head only, because is necessary to adjust the 
voltage for peripheral circuitry associated with the position of a beam of light that hits on detector. We propose the 
electronic circuitry for coupling the position of a light beam incident on the detector. Photodetector, as well as the 
coupling circuit was implemented separately. The quadrant detector was implemented as a pn-junction photodetector, in 
anode common configuration. The entire design process was carried out to peripheral circuitry in 5 um technology. Each 
of the quadrants of the detector includes Power supply, Current to voltage converter, Adder, Oscillator and Buffer. The 
circuitry is included to eliminate the effects of detector noise. The layout includes the circuitry for the four photodiodes. 


The circuit was simulated with T-Spice from Tanner Tools, and layout was done with L-Edit from Tanner Tools. 
Complying with all rules of design for manufacture with MOSIS Inc. 


Both detector and peripheral circuitry is fabricated in CMOS technology. QD photodetector and electronic circuitry will 
be coupled in post-process, taking care to protect the peripheral circuit with a mask of aluminum which is part of the 
AMIS 0.5um process technology. 
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